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Abstract 

Background: Acinetobacter baumannii (A. baumannii) is one of the most important bacteria causing 

nosocomial infections worldwide. Over the past few years, several strains of A. baumannii have shown 

antibiotic resistance, which may be due to the activity of efflux pumps. This study was aimed to detect AdeFG 

efflux pump genes and their contribution to antibiotic resistance in A. baumannii clinical isolates. 

Methods: A total of 200 A. baumannii clinical isolates were collected from clinical specimens of ulcers, pus, 

sputum, and blood. All isolates were identified using standard biochemical tests. After identifying and 

cleaving the genome by boiling, PCR was performed on samples using specific primers. The antimicrobial 

susceptibility patterns were determined by disk diffusion, with and without CCCP efflux pump inhibitor 

were determined according to CLSI guidelines. 

Results: We identified 60 clinical isolates of A. baumannii using biochemical differential tests. Identification 

of all A. baumannii isolates was confirmed by blaOXA-51-like PCR. According to the results of our study, 

98.37% of A. baumannii isolates were resistant to ciprofloxacin, norfloxacin, and levofloxacin. PCR results 

indicated that all 60 A. baumannii isolates contained the AdeF and 76.66% contained AdeG. 

Conclusions: the results of this study demonstrated that most of the A. baumannii isolates contained AdeF 

and AdeG efflux pump genes, and more than 98% of the isolates were resistant to ciprofloxacin, norfloxacin, 

and levofloxacin. This reflected the significant contribution of efflux pumps to the development of resistance 

to these antibiotics. 
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Introduction 
Acinetobacter baumannii (A. baumannii), a gram-

negative bacterium in cocci or coccobacillus shapes 

without fermentation potential (1-3), can be isolated 

from patients and many environmental sources (4). 

These bacteria have minimal nutritional 

requirements for growth and can survive in adverse 

conditions including both dry and aquatic 

environments. A. baumannii is rarely the cause of 

severe infections in individuals with normal 

immunity and is rarely found in in healthy 

individuals (5). A. baumannii is the leading cause of 

nosocomial infections, including as pneumonia,  

 

 

meningitis, and urinary and respiratory tract 

infections. This pathogen also appears in burn 

wound infections and in patients admitted to 

intensive care units (ICUs) (6-8). A. baumannii has 

intrinsic resistance to a variety of antibiotics and is 

also highly prone to acquiring antimicrobial 

resistance (9, 10). The antibiotic-resistance property 

of this pathogen causes many problems for the 

treatment of A. baumannii infections (11). 

Acinetobacter strains may also reveal multidrug 

resistance (MDR) properties (12, 13). Resistance to 

antibiotics in this bacterium is caused by various 
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mechanisms, including antibiotic inactivation, target 

modification, and changes in membrane 

permeability, as well as several other factors 

including outer membrane proteins, production of 

diverse groups of β-lactamases, production of 

altering enzymes for aminoglycosides, and 

production of a multidrug efflux pump (14-16). 

Efflux pumps contribute to intrinsic and acquired 

resistance in A. baumannii to a wide range of 

antibiotics and disinfectants (17). This is due to the 

increased expression of efflux pump genes through 

mutation of this antimicrobial resistance (18). 

Resistance-nodulation-cell division (RND) efflux 

pumps are an important efflux pump family that 

contributes to drug resistance in A. baumannii 

strains. In the RND pump genes, three efflux 

pumps, AdeABC, AdeIJK, and AdeFGH have been 

identified in Acinetobacter species (4, 10, 19). 

AdeFGH expression is regulated by the LysR-type 

transcriptional regulator (LTTR) and confers MDR 

when highly expressed (20). AdeFGH has been 

found in about 90% of clinical isolates and its high 

expression is responsible for high levels of resistance 

to chloramphenicol, clindamycin, fluoroquinolones, 

and trimethoprim (19). The present study was aimed 

to investigate the expression of AdeFG efflux pump 

genes in clinical isolates of A. baumannii, and their 

role in the development of antibiotic resistance in 

Tehran province. 

 

Materials and methods 

We collected 200 clinical isolates of A. baumannii 

from clinical specimens of ulcers, pus, sputum, and 

blood in Shahid Mostafa Khomeini, Tohid, and 

Shahid Motahari hospitals of Tehran province in 

2017. All samples were transferred to the laboratory 

in brain heart infusion (BHI) medium. 

Acinetobacter isolates were identified using standard 

biochemical methods, including the oxidase test, 

MacConkey agar medium, incubation at 37 and 42 

°C, triple sugar iron (TSI) agar, citrate utilization, 

motility and urea tests, gelatin and arginine 

hydrolysis, oxidase, Dnase, and glucose-containing 

OF media (21, 22). The blaOXA-51-like gene was 

used to confirm A. baumannii. The following two 

specific primers with PCR product size of 342 bp 

were used to identify the blaOXA-51-like gene: 

Oxa-51-like-F 5-

TAATGCTTTGATCGGCCTTG-3 and Oxa-51-

like-R 5-TGGATTGCACTTCATCTTGG-3. After 

primer-BLAST on designated primers, their 

sensitivity and specificity were determined by NCBI 

site, and PCR was performed for A. baumannii. The 

PCR program included a denaturation step at 95 °C 

for 5 min, with 30 cycles of denaturation at 95 °C for 

45 seconds, annealing at 58 °C for 60 seconds, and 

extension at 72 °C for 60 seconds, with a final 

extension at 72 °C for 5 minutes. The PCR products 

were electrophoresed. The antimicrobial 

susceptibility patterns were determined according to 

the CLSI guidelines by Kirby-Bauer disk diffusion 

for the antibiotics norfloxacin, ciprofloxacin, and 

levofloxacin (MAST, UK), for which efflux pumps 

produce resistance in A. baumannii. DNA was 

extracted from the clinical samples through boiling 

and PCR was performed with specific primers for 

AdeF and AdeG. Characteristics of the selected 

primers are presented in Table 1. After primer-

BLAST on the primers, their sensitivity and 

specificity were determined via the NCBI site, 

and the PCR was performed for A. baumannii. 

The volumes were 25 µl per reaction. The PCR 

program included a denaturation step at 94 °C for 

5 min, with 30 cycles of denaturation at 94 °C for 

60 seconds, annealing at 56 °C for 60 seconds, 

and extension at 72 °C for 60 seconds, with a final 

extension at 72 °C for 7 min. Finally, the PCR 

products were electrophoresed. 

 

Table 1. Sequence of the study primers. 

Gene Primers sequence Product size Reference 

AdeF 
F: GGTGTCGACCAAGATAAACG 

R: GTGAATTTGGCATAGGGACG 
207 23 

AdeG 
F: TTCATCTAGCCAAGCAGAAG 

R: GTGTAGTGCCACTGGTTACT 
468 23 
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Results 
Specimen collection and culture 

Of 200 collected A. baumannii clinical isolates, 

60 were identified using biochemical differential 

tests. Identification of all the A. baumannii 

isolates was confirmed by blaOXA-51-like PCR. 

Of these, 25 samples were isolated from the ICU, 

17 from the infectious diseases ward, 13 from the 

emergency department, and 5 from other areas of 

the hospital. Of these, 25 were from patient blood 

samples (41.7%), 15 from sputum (25%), 12 from 

 
 

ulcers (20%), and 8 from pus (13.3%).  

Determination of antimicrobial susceptibility 

patterns using disk diffusion 

Disk diffusion showed that 59 of the 60 

(98.34%) A. baumannii samples were resistant to 

all three antibiotics (Table 2). This reflected the 

significant contribution of efflux pumps to the 

development of resistance to these antibiotics.  
 

Table 2. Resistance of A. baumannii isolates to different antibiotics. 

Antibiotics 
Number and percentage of 

resistant isolates 

Ciprofloxacin 

Norfloxacin 

Levofloxacin 

59 (98.34) 

59 (98.34) 

59 (98.34) 

 

PCR results for AdeF and AdeG genes 

After the antibiotic-resistance assessment of the 

isolates, the AdeF and AdeG frequencies were 

determined by PCR. The AdeF and AdeG PCR 

products were then electrophoresed 

electrophoresed (Figs. 1 and 2). Of the 60 A. 

baumannii isolates, all 60 contained AdeF and 46 

contained AdeG (Table 3). 
 

Table 3. The frequency of AdeFG efflux pump genes in A. baumannii strains. 

Genes 
Percentage of isolates with 

efflux pump genes 

Number of isolates with 

efflux pump genes 

AdeF 100 60 

AdeG 76.66 46 

AdeFG 76.66 46 

 

 
Fig. 1. PCR amplification of the AdeF gene. Lane 1: Ladder (100 bp), lane 2: positive control (207bp); lane 3: negative control, lane 4- 12, 

and 13: positive results. 
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Fig. 2. PCR amplification of the AdeG gene. Lane 1: Ladder (100 bp), lane 2: positive control (468bp); lane 3: negative control, lane 4- 10, 

and 11: positive results. 

 

Discussion 
Acinetobacter species, especially A. baumannii, 

which have both intrinsic and acquired 

antibacterial resistance and high tendency to 

possess antibiotic-resistance genes are common 

causes of nosocomial infections, especially in 

ICUs (24). The selected drugs for treatment of 

infections caused by these bacteria are generally 

broad-spectrum penicillin and carbapenems, to 

which this species has acquired increased 

resistance (25). Carbapenem-resistant A. 

baumannii strains have become a major global 

concern because these resistant strains are very 

difficult to treat (26). Antibiotic efflux pumps are 

one of the most widespread mechanisms for 

developing resistance among microorganisms. 

Efflux pumps are present in both pathogenic and 

opportunistic Acinetobacter species. Thus, 

identification and prevalence assessment of these 

pumps are of great importance in the treatment of 

bacterial infections (10, 27). Antibiotic efflux 

pumps remove antibiotics from bacteria, thereby 

reducing their therapeutic effect (28). This study 

found that a high percentage of the A. baumannii 

isolates were resistant to ciprofloxacin, 

norfloxacin, and levofloxacin. Consistent with our 

results, Goodarzi and colleagues examined the 

expression and function of efflux pump genes in 

MDR A. baumannii isolates, and reported the 

antibiotic resistance varying from 45-98.3%. Of 

their isolates, 90% contained AdeI and AdeJ,  

 
indicating the association between these genes 

and antibiotic resistance (29).  

Daimier-Piolle and colleagues found that 

100% of their MDR A. baumannii isolates 

contained the AdeIJK efflux pump gene. All the 

isolates were resistant to at least one antibiotic 

with the following breakdown: gentamicin (45%), 

amikacin (96.7%), imipenem (70%), meropenem 

(66.7%), ceftazidime (96.7%), ciprofloxacin 

(56.7%), trimethoprim-sulfamethoxazole 

combination (55%), tetracycline (98.3%), and 

ceftriaxone (83.3%). In this study, AdeI and AdeJ 

of the A. baumannii RND system were 

investigated as target genes by PCR, and the 

frequency of these two genes in the examined 

isolates was found to be 90%. The expression of 

AdeIJ was consistent with its resistance to 

tetracycline, ceftriaxone, trimethoprim 

sulfamethoxazole, ciprofloxacin, and ceftazidime 

(30), which is consistent with the results of our 

study. Maliki et al. examined A. baumannii strains 

isolated from burn wound infections in Tehran 

province, and found that 100% of the isolates 

were ciprofloxacin resistant (31), which was also 

consistent with our study. Ardebili and colleagues 

also investigated the relationship between 

ciprofloxacin resistance due to the AdeABC 

efflux system in A. baumannii clinical isolates and 

concluded that 95.6% of their isolates were 

ciprofloxacin resistant (32), which also agreed 
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with our study. Our results indicate that 

resistance to ciprofloxacin, norfloxacin, and 

levofloxacin exists in AdeFG gene-carrying 

strains due to the efflux pump, and they have 

a significant relationship. 
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